The preparation of methylene dimagnesium dihalide by Hatch, Mary Dorothy
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1935
The preparation of methylene
dimagnesium dihalide
https://hdl.handle.net/2144/21537
Boston University

InBtnn Mniufrailg
(Enllpgp of IGtbpral Arts
IGibrarg
The Gift of tWe. (\vjlA-\\ot'
n\cov ' TSii
^'7Q>r7AA
BOSTON UNIVERSITY
GRADUATE SCHOOL
THESIS
THE PREPARATION OF METHYLENE DIMAGNESIUM DIHALIDE
by
Mary Dorothy Hatch
A.B. Emmanuel College 1955 '
Submitted in partial fulfillment of the
requirements for the degree of
Master of Arts
1955

TABLE OF CONTENTS
I. Purpose. ...I.
II, Survey of the Literature 2.
A. Early work with organo metallic compounds. . . .2.
B, The formation of the Grignard Reagent from alkyl di-
halides. ..,.3.
1. Work of Grignard and Tissier. • • • . 3.
2. Work of Zelinsky and Gutt. • .... 3.
3. Work of Grignard and Vignon *4:/
4* Woi^ of Bratm and Sobeoki. . • • . • 6.
a. Tetramethylene bromide. 6.
b. Pentamethylene bromide 8.
(1) The reaction of acetone with the mag-
nesium derative 9.
(2) The reaction of cyclohexanone, acetophenone,
quinone and formaldehyde with the magne-
sivim derivative II.
c, Heptamethylene bromide, ..... II,
d, Deoamethylene iodide II.
5, y/ork of Emschwiller 12,
III. Laboratory Work. 15.
A, Preparation of reagents, ....... 15.
1. Dry Ether 15,
2. iOathylene iodide 15.
3. Magnesiiun 15.



I - PURPOSE
The first aim of the work had been to prepare
pentanediol-1, 5 from methylene dihalide and ethylene oxide
by the Grignard synthesis. Because of difficulty in isolat-
ing the compounds formed due to the small amount of reaction
products present, and the expense of the reacting substances,
the author has therefore attempted
(l^ to increase the yield of methylene dimagnesium
dihalide,
( 2 ) to study the action of this Grignard reagent with
j
! acetone and endeavor to isolate the products
!
!
formed.
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II - SURVEY OP literature.
A. Early work with organo metallic compounds.
The use of organo metallic compounds as synthetic
reagents has been known for many years. The zinc and
mercury compounds were the first studied. Frankland worked
with the zinc alkyls RgZn about 1849. These compounds
ignite in air and the difficulties arising therefrom led
to the study of other metals. Lohr prepared magnesium
dimethyl, diethyl, and dipropyl by heating the alkyl halide
with magnesium amalgam in sealed tubes. It is said that
these compounds are likewise very reactive igniting even in
carbon dioxide. Quite by accident in 1899, Barbier
discovered that magnesium acting on methyl iodide and a
ketone in presence of other produced a tertiary alcohol.
On observation of the reaction, it was found that magnesium
reacted with the halide to form methyl magnesium iodide,
CHsMgl, and that this compound reacted with the ketone.
Grignard studied this reaction and obtained the magnesium
alkyl halide of several halides. These compounds are now
known by his name. Grignard published a paper concerning
these compounds in the year 1900 and since then there has
been extensive work done in this field.
Some of the compounds with which this reagent enters
into reaction are water, ammonia, aldehydes, ketones, esters
Sa?.
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ethylene oxide and similar substances, carbon dioxide,
and amines.
B. The formation of the Grignard Reagent from alkyl dihalides.
Over one thousand articles have been written describing
the Grignard reagent in regard to its preparation and uses,
but there has been very little written concerning the
alkyl dimagnesium dihalide compounds. The author has
attempted to give a chronological survey of this literature.
1
1. In 1901 Grignard and Tissier tried to form the
dimagnesium compound of ethylene dibromide, but they found
that ethylene was the chief product formed when the
dihalide and magnesium reacted in the presence of ether.
9 H H H
H-C - 6-H + Mg > H-6 - 6-H + MgBrg
hr Br
a
2. In 1907 Zelinsky and Gutt obtained the cyclic
compound trimethylene HgO CHg and a small amount of
CHg
hexamethyl one dimagnesium dibromide BrMg( 0H8)6MgBr
when they attempted to form the Grignard reagent
trimothylene dimagnesium dibromide from 1, 5-dibromopropane
and magnesium in the presence of ether.
1 . G. I 999 (1901)
2 . C.A. 1 2466 (1907)
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4Br(CHg) 3 Br + Mg HgC^-^CHg + MgBrg
CHg
Br(CH 8 ) 3 Br + Mg Br(CH 2 ) 3 Br —> Br(0H8)6Br + MgBrg
Br(CHg)sBr + 2Mg > BrMg( CHg )sMgBr
When carbon dioxide was added to the reaction mixture a
yield of 20% of suberic acid was obtained.
C 0
BrMg(CHg)6MgBr —> BrMgOOC ( CHg ) g COOMgBr
HOH
HOOC(OHg)6000H
acid
1
5* In 1907 Grignard and Vignon worked with the dihalide
1 , 5-dibromopentane. When magnesium and this dihalide
reacted in the presence of ether, and the reaction mixture
was decomposed with water, they obtained pentane, decane,
pentadecane, eicosane and a mixture of higher paraffins.
They also found that carbon dioxide reacted with the Grignard
reagent forming pimelic acid, decamethyl enedi carboxyli c acid,a:
cyclohexanone and when ethyl acetate was added to the
Grignard reagent methyl cyclohexanol was formed. The authors
d
1. 0 II 651 (1907)
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represented the reactions by the following equations:
CH.
CHaCHgBr
CHgCHgBr
2Mg CHgOHgMgBr
CHgCHgMgBr
CO
CHgCIU ^
CHgCHg
OMgBr
OMgBr
HOH
acid
^ CHgCHg
CHg \ C-0
CHgCHg
2C0
BrMg(CHg)eMgBr ^—> BrMgOOC ( CHg ) eOOOMgBr
HOH
^ > H00C(CHg)e000H
acid
Br(0Hg)5Br + Mg + Br(CHg)5Br y Br(CH2)ioBr
> BrMg(CHg)ioMgBr > BrMgOOC ( CHg ) COOMgBr
HOH
— > HOOO(CHg)ioCOOH
CHgCOOCgHB
CHj
CHgCHg OMgBr
C^BrMg(CHg)gMgBr
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4, Braun and Sobecki worked with, the alkyl dihalldes of
the methane series, in which the halogen atoms were attached
to the end carbon atoms of the compounds. They studied the
reaction of these dihalides with magnesium in order to
determine to what extent the formation of the Grignard reagent
and the ffurtz reaction took place.
By the Wurtz reaction many different compounds might he
formed, the authors therefore aimed to investigate the follow-
ing possibilities. One mol of dihalide might react with 1 atom
of magnesium and magnesium bromide and a cyclic compound might
be obtained. Two mols of dihalide and 1 atom of magnesium
might react and a compound with the formula Br(CH 2 )xBr might be
formed and likewise 2 mols of this compound Br(CH 2 )xBr might
react with 1 atom of magnesium and Br ( CHg) g^j-Br might be formed.
It may be seen that if this process continued, a series of
compounds would be produced in which the number of CHg groups
would be of varied length. The authors were also interested in
finding out whether the Grignard reagent would be formed from
these new formed dihalides producing compounds with the formula
Brfig( CH 2 )xMgBr , BrMg( CH 2 ) s^^MgSr , etc. The experimental work
was carried out with the dibromides of butane, pentane, heptane,
f^nd decane,
(a) Tet ramethylene dibromide or 1 , 4-dibromobut ane
reacted very easily with magnesium in the presence of ether.
An oil was found which solidified when it was cooled, A
1. Ber. 44 I 9 I 8 ( 1911 )
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considerable amount of magnesium remained. After completion
of the reaction carbon dioxide was added to the reaction
mixture and cyclopentanone C4HeC0, sebacic acid ( CHg ) a ( COOH ) g
,
and dodecamethyl ene dicarboxylic acid ( CHg ) ( GOOH )
g
were
formed. The products were separated by aqueous alkali and
the cyclopentanone was obtained by steam distillation of the
alkali insoluble portion. A 5^?^ yield of cyclopentanone
which boiled at l^O^C* was obtained. It was not possible to
identify the products present in the residue because of
insufficient quantity.
Br(CHg)4Br Mg BrMg(CHg)4MgBr OOj
HOH
BrMg00C(CHg)4000MgBr — (CHg)4C0
The alkali solution containing the organic acids was
treated with hydrochloric acid and a colorless solid substance
was obtained. A residue of solid snOw white powder chiefly
sebacic acid ( CHg ) g ( COOH) g which had a melting point of 155°C*
was obtained by extraction with ether. The ether was
evaporated and there remained a viscous solution. It was
not possible to identify the substance, but it was thought to
be a mixture of dodecamethyl enedi carboxyli c acid and sebacic
acid and possibly some higher homologues.
Mg
2 Br(CH2)4Br Mg Br(0H3)8Br > BrMg(CHg)eMgBr
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acid HOOC(CHg)8COOH
Br(CHs)4Br + Br(CH2)8Br
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HOH
Mg
Br(0H2)xsBr
BrMgOOO ( CHg ) igOOOMgBr
acid HOOC(CH2)i2COOH
(b) Pent amethyl en© dibromide or 1 , 5- dibromopent an© reacted
easily with magnesium in the presence of ether and an oil was
formed similar in appearance to that obtained when 1,4-dibromo-
butan© was used. The authors approximated the yield of the
Grignard reagent BrMg ( OHg ) sMgBr to be 50%, When the reaction
mixture was decomposed with water, ^5% of pentane, 15% of
decane, 10% of pentadecane, and a small amount of eicosane
were obtained. The residue was thought to be a mixture of
higher paraffins.
The products were separated by distillation. The hydro-
carbons were obtained from the ether layer which was previously
treated with acid, washed, and dried with calcium chloride.
Q
At normal pressure, pentane distilled at ^6 C. and decan© at
0
175 0. At 16 mm. pressure, pentadecane distilled between
l4o-l80 C. and eicosane at 250°C. The former was redistilled
at normal pressure and the pur© hydrocarbon obtained at 267**C.
Eicosane is a solid melting at 57^0. This work was carried
out chiefly to obtain cyclopentane if formed, as Grignard and
i
9 .
Vignon had already experimented with this compound. The
authors could find no trace of the cyclic hydrocarbon.
Similar results have been obtained using 1 , 5- di chi or o-
1
pentane by E. v. Zappi .
(l) The reaction of acetone with the magnesium deriva-
tives of 1 , 5-dibromopentane was studied and the following
s
products were obtained •
(a) a glycol ( CHg ) gC ( OH ) ( CHg
)
5 C (OH) ( CHg )
g
(b) an alcohol ( CHg ) gOC OH ) ( CHg
)
4 CH3
(c) an unsaturated alcohol with either of the
following formulas:
(CH 3 )gO(OH)(CH 2 ) 50 (CH 3 )-CH 8
or
(CH 3 ) 20 ( 0H)(CH 2 ) 4 CH-C(CH 3)8
The reaction was carried out by allowing the acetone to drop
on the Grignard reagent. The mixture was allowed to stand
about twelve hours and then decomposed with acetic acid.
A peculiar odor characterized the mixture. The greater
1. C. II 660 (1916)
2. Ber. 44 1926 (1911)
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portion. A, distilled between 60 - 180 C. at 12 mm. pressure
and contained all the products. It amounted to approximately
a 50% yield of products. The remaining residue in the flask
0
decomposed at about 200 C. This was assumed to be reaction
products of acetone with the multiple homologues of magnesium
dibromopentane. From A, on slow distillation, the alcohol
(CH 3 )gC( 0 H) (CH 8 ) 4CH 3 was obtained at 80°0. and 12 mm. pressure
At normal pressure it distilled between 160 - l62 0. This
substance had a pleasant aromatic odor. An unsaturated
^ 0 I
alcohol distilled between 107 - 109 0. at 14 mm. pressure.
It had the odor of citronellol. It was found to have the com-
position possible to determine the
formula by destructive oxidation. The authors assumed that
this alcohol was formed by the elimination of a molecule of
water from the glycol. The glycol ( CH 3 ) gC ( OH ) ( CHg ) eC (OH ) ( CH 3 )
distilled between 1^5 - 145 C. at 12 mm. pressure and at
room temperature was found to be a white crystalline solid
0
melting at 77 0. It was recrystallized from ligroin and
ether.
BrMg( CHg ) sl^gBr + 2(CH3)s 00 > BrMg0C(CH3)g(CHe)e(CH3)2C0MgBr
HOH
acid H0C(CH3)2(CH8)B(CH3)gC0H
BrMg( 0H 8 ) 5MgBr + (CH 3 ) 8 C0 > BrMgOC ( CH 3 ) g ( CHg ) gMgBr
HOH
acid
H0C(CH3)8(CH2)4CH3

CHa
( 2 ) Cyclohexanone (CHg)6C0, acetophenone
A
and quinone I I were found to react as easily as acetone,
but isolation of the products was difficult and unsatisfactory.
Formaldehyde was slow to react and the water soluble glycol
formed was difficult to isolate from the mixture.
(c) Heptamethyl ene dibromide or 1, 7-dibromoheptane
reacted very slowly with magnesium and the authors recommended
the use of the diiodide. The reaction mixture was decomposed
with water and distilled. Normal-heptane distilled between
92 °- lOO^C. and tetradecane distilled at 250°C. No cyclo-
heptane was obtained. Carbon dioxide was added to the Grignard
reagent to find out if the higher homologues of this series
would form cyclic ketones. Kept amethyl ene dicarboxylic acid
was the only product identified.
(d) Decamethyl ene diiodide or 1 , 10-diiododecane reacted
even more slowly with magnesium than 1, 7-dibromoheptane.
When the mixture was decomposed with water, decane, eicosane,
and tetracontane C^oHeg were separated and isolated, but no
cyclodecane was formed.
Summary o f Braun and So becki’s Work
.
1. The Wurtz reaction took place in all cases and
compounds with the formulas Br(CH8)^Br, Br(CHg)8x®r were
formed, but there were no cyclic hydrocarbons obtained.
2. The Grignard reagent was formed in all cases, but

12.
the yield was low. Compounds with the formulas BrMg( CH 2 ) 3^HgBr
,
BrMg(CH 2 )MgBr were formed.
|
3. Cyclic ketones were obtained in each case when carhoi
II
dioxide was added to the Crignard reagent which was formed hy
||
the reaction of magnesium and 1 , 4- dihromohutane , or magnesiumj^
|i
and 1 , 5- cLihromopentane . i|
!
Ii
In 1924 Emschwiller became interested in the reaction I'
l'
of methylene iodide with magnesium while studying the behavioif|
of free organic radicals. i Two years later he published an
2
''
article which gave an account of his work with this reaction.'
|l
In the Grignard reagent formed, CH 2 (HgX) 2 . the two atoms of
j,
magnesium are attached to the same carbon atom. !
Methylene dimagnesium diiodide, CE 2 (Hgl) 2 » ^as prepared
by the reaction of methylene iodide with magnesium in the
I
presence of ether. The reaction was carried out under low
pressure. It proceeded more easily after a light heating and
continued with the evolution of sufficient heat to cause the
ether to boil. It was found necessary to cod the reaction
mixture as it tended to accelerate itself.
1. Compte rend. 179, 52 (1924)
2 . Compte rend. 185, 665 (I 926 )
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The reaction was accompanied by the formation of ethylene
as represented by the following equation,
CHgIs + 2Mg > CH2(MgI)8
CHg(Mgl)2 + CHgls C2H4 + 2Mgl2
After the reaction was completed, two liquid layers were
I apparent. The bottom layer was found to be an oil. The
products were allowed to stand and white crystals were formed
which the author believed to be an etherate of magnesium
iodide.
(08H8)aO, I
(OsHb)20^
I
When the mixture was decomposed with water, methane was
i evolved.
I
!
CH 8 (Mgl )2 + aHgO > OH 4 + Mg(OH)s + Mgig
Enschwiller obtained a yield of 22 » 09% of the Grignard
reagent, 0H 8 (Mgl) 2 » The data given by him is as follows.
One and four thousandths grams of magnesium and 1.845 grams
of methylene iodide were used. Seventeen and eight tenths cc
of ethylene were formed. By hydrolysis of the Grignard
reagent 55 cc. of methane were evolved and a quantity of
magnesium hydroxide which was neutralized by 50*4 cc. of a
j
O.IN solution of sulfuric acid. The calculations for the
j amount of Grignard reagent formed are:
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50.4 X .0049 .14896 grams of HgS 04
,14896 98
X 515.88
X .4802 grams of Grignard reagent
- 3
or 1.52 X 10 gram mol.
1.845 267.88
X 515.88
.4802
X
(100) =
2.175 Theoretical yield of
Grignard reagent.
22. 09?^ yield of Grignard reagentX
;.175
Similar results were obtained when methylene dibromide
reacted with magnesium. Due to the small amount of Grignard
reagent obtained by the author, he caused it to react with
1
di chloroformat e and obtained diethyl malonate .
^Mgl ^COOCsHb
OHg + 2C1C00 CsH 5 >OHs + Mglg + MgOlg
^Mgl ^COOCgHg
Although the yield of Grignard reagent obtained by the author
was only 22 . 09%, there was no mention made of any attempt to
increase it.
1. Compte rend. 188 1555 (1929)
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III. LABORATORY WORK.
A. PREPARATION OF REAGENTS.
1. Dry Ether.
Thin freshly cut pieces of sodium were added to the
ether and allowed to remain in contact with it for several
days. Just before using, the ether was distilled over the
sodium, using an ordinary distillation apparatus.
2. Methylene Iodide.
(a) In some cases it was used as obtained from
Eastman Kodak Co.
(b) The halide was treated with a saturated solution of
sodium bisulfite to remove iodine and then allowed to
remain in contact with calcium chloride for a day.
0 0
It was distilled at 7^ mm. pressure at 106 - 107 C.
5* Magnesium.
The magnesium was kept in a desiccator.
4. Activated Catalyst .
The activated catalyst was made by heating 12.75% Cu-Mg
alloy with 20% of iodine in a vacuum at 500 °C. for 8 to 10
minutes. The activity of the catalyst was destroyed by
exposing it to the air for fifteen to twenty minutes.
1 C.A 22 1154 (1928)
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It was kept in a rubber stoppered container. Just before
using, 0,25 grams of the catalyst were placed in a test tube
and heated until all the fumes were driven off. It was
allowed to cool and while still slightly warm was added to
the reaction flask. This was used in the preparation of
pentanediol, 1-5.
5. Acetone.
The acetone was dried over calcium chloride and then
distilled
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I • B. ATTJMfTS TO PRSPASi PENTANEDIOL 1-5 j,
|i
1
1
I
Pentanediol 1-5 was one of the products obtained by
ii 1 I
I
Kaufman and Adams by the reduction of furfural (using
I
platinum as the catalyst). It was isolated from the mixture
by distillation. They found that it was a rather thick, water
! clear liquid, soluble in water and in alcohol, and boiled at
I
^1257 c. at 751 mm. pressure.
I
!
j
The author of this thesis attempted to form pentanediol 1-5
j
by the reaction of ethylene oxide ( 0112)20 with methylene
'! dimagnesium dihalide, CH 2Mg 2 X2 .
2CH2CH2
0 -
CH2CH20MgI
CH2CH20MgI
I
l|
ii
|l
HaO
OH,
CH20HgOH
CHgCHgOH
j
The procedure followed was similar to the one used in the
!j
ji synthesis of an alcohol by the reaction of the Grignard reagent
1 ! .
®
| with ethylene oxide . Five and five-tenths grams of magnesium
j! turnings and 0.25 grams of activated catalyst were placed in a
!' 1-liter flask which was fitted with a mercury seal stirrer,
I dropping funnel, and a condenser, into the upper end of which
1. J.A.C.S. 45 5045 (1924)
2. Organic Syntheses Vol. VI p. 54
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was attached a drying tube containing calcium chloride.
Twenty and eleven hundreths grams of methylene dibromide
which had been previously dried over calcium chloride and
distilled, were diluted with ether and poured into the drop-
ping funnel. A small amount was added to the flask. The
stirring was started as soon as liquid was present in the
flask. After all the halide was added and the reaction
completed, the flask was cooled. Five and one tenth grams
of ethylene oxide were added to the mixture. The ethylene
oxide tank was placed on a scale and balanced. The amount of
ethylene oxide used was measured by the loss in weight. The
gas was run through a tower of soda-lime and then through a
spiral condenser surrounded with ice and salt. The ethylene
oxide was added through a tube 4 mm. in diameter, the end
of which was placed about 20 mm. above the surface of the
0liquid to prevent clogging. The flask was kept below 10 C . l
by cooling it in an ice and salt bath. The addition required
about forty minutes. When all of the ethylene oxide had been
added, the ice bath was removed, and the mixture was heated
on a water bath for 15 minutes. The ether was removed by
distillation and dry benzene was added. The distillation was
continued until the temperature of the distilling vapor
reached 65*^0. The mixture was then refluxed with stirring for
one hour. The solution became white and viscous. The mixture
was allowed to cool and then decomposed with ice and water
.61
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The precipitated magnesium hydroxide was dissolved by adding
dilute sulfuric acid and enough ice to keep the mixture cold.
The mixture was then distilled in a current of steam. The I
oily layer was separated and the watery portion put back into
the reaction flask and redistilled, in order to obtain the
glycol
.
’i’hree attempts were made to prepare pentanediol 1-5 by
this method. From observation, the reaction proceeded
normally. In each case a weighed amount of methylene dibromidsi,
as near 20 grama as possible, was used. When the reaction i
mixture was hydrolyzed with water and sulfuric acid, a large
j
amount of magnesiiim sulfate was formed. This caused bumping
and distillation of the solution was made difficult. !
Considering the fact that Emschwiller obtained a yield of only
|
22.09% of the Grignard reagent, even if 100% addition of
ethylene oxide took place, the yield of pentanediol 1-5
j
which would have been obtained would be about 2.49 cc.
!
The expense of these reacting substances causes this synthesis
to be of no use unless a better yield of Grignard reagent can
be obtained. If this is found possible, many interesting
compounds might be formed by its reaction with the wide
variety of compounds with which it has been found that the
Grignard reagent will react.
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C. PREPARATION OF METHYLENE DIMAGNESIUM DIHALIDE.
Prom the account of Ems chwill er ’ a work, the reader
obtains little knowledge of the procedure used by him in the
preparation of methylene dimagnesium dihalide. One learns
first that the reaction was carried out under reduced pressure,
second, that it was found necessary to heat the reaction flask
at first in order to start the reaction, and third, that the
ether continued to boil of itself until the reaction was
completed. There was no reference to the length of time
necessary for completion of the reaction, or such valuable
factors as the amount of ether used or how the reactants were
added, that is, whether they were all placed in the reaction
flask at the same time and caused to react, or whether the
reaction was started with small quantities of the material
and then the remainder added gradually.
It has been found that the amount of solvent which should
1
be used varied with the halide and that the yield of Grignard
reagent may be increased by dilution and slow addition of the
halide . It is thought that by dilution and slow addition
of the halide, it is not present in excess and reaction (b)
is retarded.
(a) RX + Mg —s- RMgX
(b) RMgX + RX —^ R-R + MgXg
1. C. II 2555 (1929)
2 . C.A. 22 2564 (1928)
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A 500 cc, three-neck round hottom flask was attached to
an apparatus consisting of a mercury sealed stirrer, a drop-
ping funnel, and s condenser, which was provided at the upper
end with a drying tube containing calcium chloride,
1 . In the following cases the amount of solvent was
not considered. The rate of addition of the halide and the
effect of heat upon the reaction mixture were studied. In all
of the experimental work, the calculated amount of magnesium
was used,
1 , The magnesium turnings and a crystal of iodine
were placed in the flask. The methylene iodide previously
weighed and diluted with ether was poured into the dropping
funnel. About 15 cc. of the solution was added to the flask
and stirring started. The stirring was continued as long as
there was any evidence of reaction (which was shown by
bubbling on the surface of the reaction mixture when stirring
was interrupted). The flask was warmed on a water ba-th in or-
der to start the reaction. The rest of the dihalide was added
over a period of thirty minutes. After all of the dihalide
was added, the mixture was heated on a hot water bath for one
hour. This procedure was repeated several times, but in each
case a white precipitate was formed. It was assumed that the
precipitate was magnesium iodide and that the Wurtz reaction
had taken place,
2
.
The magnesium turnings used in this experiment

i(and in all of the following ones) were dried in a desiccator,';
Eleven and nine hundredths grams of methylene iodide
j
were diluted with 120 cc. of ether. About I5 cc. of this 1
solution was added to the flask. Stirring was started as
soon' as liquid was present in the flask. The rest of the
solution was added over a period of 30 minutes. The flask ,1
was warmed on a water bath at first, but after the reaction
started, the ether continued to boil of itself until the I
reaction was completed. After all of the halide was added,
j
I
the mixture was heated over a hot plate which was set at low
j
heat, for twenty minutes. At the end of this period stirring
j
was stopped and two layers were apparent, an ether layer and
an oil. The two layers were separated and each was then
hydrolyzed. When water was added to the oil, a violent
reaction took place and a large quantity of LIg(CH)2 was
formed. Twelve and forty-five hundredths cc. of O.5317 IT HCl
were required to neutralize the base. One and twenty-one
hundredths cc. of acid were required to neutralize the base
formed by hydrolysis of the ether layer, Phenolphthalein was
used as the indicator. The total yield of Grignard reagent
was 9,25^.
The method of calculation is based on the fact that by
I
hydrolysis one mol of methylene dimagnesium dihalide forms
j
one mol of magnesium hydroxide, which is neutralized by two
mols of hydrochloric acid

23 .
CHgCMgDs + HgO :>CH4 + Kg(OH)2 + Mgl^
Mg (OH) 2 + 2HC1 >MgCl2 + 2H2O
The following data and calculations are for the preceding
experiment
,
Wt, of flask and methylene iodide Uj.Uo g
Wt. of flask 36.31 g
Wt. of methylene iodide 11.09 &
0.5373 H NaOH
11.71 cc.
9 .98 cc .
1.73 cc.
Ti trati 0 n of the 0 i 1
^
0.53 17 IT HCl
15.50 cc.
_l.Q5-cc.
127^5 cc.
Titration of ether layer .
0.53 11 N HCl
3.17 cc.
0.12 cc .
3.05 cc.

24
£^^1= =
0.5373 ^
I
X = 1.84 cc. of 0.5317 N HCl (excess)
j
15.5 - 1.75 = 13.75 cc. of HCl used.
i
36.5 X 0.5311 = 0.019407 gm. HCl per cc. l
1000
I
13.75 s- 0.019407 = 0.2794 grn. of HCl usod.
iI^S8
^
73 0.279'+
I
ll
X = 1.209 gcis. of Grignard reagent formed (actual yiellj.) .
267.88 = 11.09
315 . 88 X
X = 13/07 gras, of Grignard reagent (theoretical
yield)
.
1.209
jj X 100 = 9 . 255^ yield
13.07
Similar calculations were used in the following experi-
ments.
1
I
j
I

iil
1
. 1
25 .
3 . The same procedure as in (2) was repeated with 10 . 69
grams of methylene iodide and 110 cc. of ether. Twelve and |
ninety-five cc. of O .5317 N HCl were required to neutralize ,
the Mg(CH )2 formed by hydrolysis of the Grignard reagent. An
l!
8
. 59^ yield of the Grignard reagent was obtained. j]
j
U, The same procedure as in (2) was used with two ex- |
ceptions, the reaction mixture was heated over a hot plate
|
(medium heat) during the reaction and about one hour after alll
1
of the halide had been added.
|
Sixteen and fifty-four hundredths grams of methylene iodilt
were diluted with 125 cc. of ether. Eleven and seventy- seven '
hundredths cc. of 0.5317 W HCl were used to neutralize the
j
magnesium hydroxide formed by hydrolysis of the Grignard re-
!
agent. The yield of Grignard reagent was 5»^5^»
5 . In the following experiment, the methylene iodide and
ether were placed in the flask and the magnesium was added
over a period of thirty minutes. Twelve and seventy-one hun-
|
dredths grams of the dihalide were diluted with about 120 cc. i
of ether. Ten and ninety-one hundredths cc. of 0.5317 N HCl
were required to neutralize the magnesium hydroxide. The yield
of Grignard reagent was 6.11^. 1
6 . The same procedure as in (5) was used, but the magne- 1
1
sium in this case was added over a period of forty-five minutes
Thirteen and twenty-three hundredths grams of methylene iodide.
were used. Twenty-three and seven tenths cc. of 0.5317 N HCl i
were required. The yield of the Grignard reagent was 12.71^.
1
1
1
Le
1
r
1
1
1
i
i
1
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7. Eight and sirty-five hundredths grams of methylene !j
iliodide were diluted with 80 cc, of ether. In this case the V
r lldihalide was added over a period of oO minutes and the reac-
|
tion mixture was heated over a hot olate (at low heat) for
j
I
45 minutes, after the addition of all the dihalide. The mag-
|
nesium hydroxide formed by hydrolysis was neutralized by
31.69 cc. of 0.5317 N HCl. The yield of G-rignard reagent ob- 1
tained was 26.13^.
8. As the previous yield was obtained using a 60 minute
period for the addition of the dihalide, in the following casei*
a forty-five minute period was used in order to determine whe-jl
ther such a long period of time was necessary, lline and five '
il
hundredths grams of methylene iodide were diluted with 100 cc.j
of ether. The dihalide was added over a period of 45 minutes,]
and after all of the dihalide had been added, the reaction
mixture was heated over a hot plate (at low heat) for 45 min- 1 ,
utes. The magnesium hydroxide formed by hydrolysis of the
|
II
Grignard reagent was neutralized by 15.52 cc. of 0 , 457 ^ IT HCl.i
A 10 , 53^yield of Grignard reagent was obtained. j
I
9. In the following experiments a smaller volume of etheif
II
was used. About 4 drops of the weighed methylene iodide 1
|
(16.88 gms.) were diluted with 25 cc, of ether and added to th^j
flask. The rest of the dihalide was diluted with 4o cc. of
J
ether and added over a period of 45 minuted. The reaction
jj
mixture was heated on a water bath for I5 minutes after all of
i*
!|
•
j

the dihalide had heen added. Thirty-eight and eighty-nine
hundredths cc. of 0.4567 N HCl were used to neutralize the
Magnesium hydroxide formed hy hydrolysis. A l4.42^ yield was
obtained.
10. The same procedure as in (5) was followed, hut the
reaction was started without stirring. It was heated for
thirty minutes after all of the dihalide was added. Twelve
and thirty-seven hundredths grams of methylene iodide were
used. Thirty-one and sixty-one hundredth cc. of 0.4567 N HCl
were used to neutralize the magnesium hydroxide. A yield of
15*69^ of Grignard reagent was obtained.
11. The same procedure as in (10) was repeated using
16.12 gms. of methylene iodide. Forty-two and seventeen hun-
dredths cc. of 0.4567 N HCl were used to neutralize the mag-
nesium hydroxide, A l6^ yield of Grignard reagent was obtains
12. About four drops of the weighed methylene iodide
(10.87 gms.) were diluted with I5 cc. of ether and added to
the flask. The reaction was started by warming with a hot
water bath. Stirring was not started until the reaction had
proceeded about four minutes. The rest of the dihalide was
|
diluted with 30 cc. of ether, added over a period of forty-fivej
minutes and heated on a hot plate (low heat) for thirty minutes
Forty-one and ninety-one hundredths cc. of 0.4939 17 HCl were
used to neutralize the magnesium hydroxide. A 25.45/^ yield of
j
Grignard reagent was obtained.
!

13. T^e same procedure used in (12) was repeated using I!
Ij
11.07 grams of methylene iodide. Forty-three cc. of 0.4939 ii
i!
IT HCl were used. A yield of 25.31^ obtained. jj
l|
14. An example of greater dilution and slower addition
jj
was tried. Twelve and two-hundredths grams of methylene iodidf
I
I
were diluted with 15 O cc. of ether. About 25 cc. of the solu-j
tion were added to the flask. The rest of it was added over
j
a period of ninety minutes. Only O .9 cc. of 0.4939 IT HCl
were used. A yield of ,6l^ was obtained. The methylene iodide
used was obtained from Eastman Kodak Co. It had a very deep '!
li
red color. The dihalide was shaken with a solution of sodium *'
bisulfite in order to remove excess iodine. It was allowed tojj
|i
remain in contact with calcium chloride over night and then
j
i|
distilled at JO mm. pressure. The liquid obtained at 106° C.
j;
still maintained the deep red color. Procedure (13) was re-
j
peated using 3.6 grams of this methylene iodide. An 3.99^/^
1
yield of methylene diraagnesium diiodide was obtained. As the
j
yield obtained in ( 13 ) could not be duplicated with this
j
methylene iodide, it was impossible to check the result of (14).
i
I
The best yield of methylene dimagnesium diiodide obtained
was only 4^ higher than Emschwiller ' a results. It was found {
that the yield was lowered by the addition of magnesium to thei
i
dihalide and ether, and also, if the reaction mixture was heated
Itoo strongly. By allowing the reaction to start and proceed
|

for about four minutes without stirring, the yield was increase
The most favorable conditions for obtaining the best yield of
methylene dimagnesium dihalide were a 6o minute period for the
addition of the dihalide and about a 35 ninute heating period
(low heat) after all of the dihalide was added. In regard to
the volume of ether similar results were obtained when either
a 30 or 87^ "by weight, solution of ether was used.
i
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Grams of Cc . of Rate of Addition Period of
!
^
Yield
1
CH3I2
n
of CH2I2 Heating
!l
ii
1. 11.09 120 30 min. 20 minl(low) 9.25
2. 10.69 110 30 min. 20 min
.
(low) S.59
3. 16.54 125 30 min. 60 min. (hot
)
5.45
1
1
4
. 3.65 80 60 min. 45 min,.(low-)- 26.13
i
5. 9.05 100 45 min. 45 min. 10.53
i
1
1. 16, 83 65 45 min. 15 min. l 4 . 4s
2
. 12.37 65 45 min. 30 min. 15.69
3. 16.2)2 65 45 min. 4 o min. 16.01
4
. 10.87 45 55 min. 30 min. 25.45
j
5. 11.07 45 60 min. 30 min. 25.31
1
. 12.71 120 30 min. 20 min. 6.11
2 . 13.23 129 45 min. 20 min.
1
12.71
The magnesium was added to the dihalide an<i ether.
1
. 12.02 150 75 mih. 30 min.
1
-n i
.ol
1
i
r Example of greater dilution and si ower addition of the dihaki de
.
The calculated amount of magnesium was used in all these 1 i
1
cases
.

D, ATTEMPTS TO PHEPAP.E 2,4-DIlvIBTHYL PE^TTAITEDIOL , 2-4
Adolphe Frank prepared the glycol, 2,4-diraethyl pentane-'
diol, 2-4 by the reaction of methyl magnesium iodide with
|
diacet onealcohol ^ . It was described by him as a liquid with
|
a weak camphor like odor which boiled at 9S° C. fl-t 13 nim, ,
pressure. The diacetate® was formed by reaction of the glycol
with acetic anhydride. The derivative was found to be a
white crystalline substance which melted at 51 ° C. and boiled i
at 93 at 11 mm. pressure
Instead of using ethylene oxide, acetone was added to thej
Grignard reagent, methylene dimagnesium diiodide, in order to
form a glycol. Acetone was added as it was easier to work
with and less expensive. The equation for the reaction of
acetone with methylene dimagnesium diiodide is as followst
H
;?
H
IMg?MgI + 2(CH3)2C0 - C - C - C - CHg
9H3 9 9H3
IMgO H OMgl
HOH
acid
9 H 3 H 9H 3
H,C - C - C - C - CHg
6h H OH
The Grignard reagent was prepared using the conditions,
1
with which the best yield had been obtained. After the
!
1. C. I
2, C. II
1599
S62
(1907)
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Il
reaction was com-Dleted the flask was cooled in an ice hath and!!
i!
II
the acwrone diluted with ether was added, with stirring. The
reaction proceeded with suf f i ci entheat to cause the ether to
hiol when the ice hath was removed. A white precipitate was jl
ii
li
formed. The mixture was decomposed with water, and then ice i
dilute acid were added. The mixture was kept cold during the
addition of the acid hy means of an ice hathL
1.
Eight and six tenths grams of methylene iodide were
|j
used to form the Grignard reagent. The calculated amount (3*^^
cc.) of acetone was diluted to lOcc. with ether and added to tj^e
flask. The reaction mixture was then decomposed with water
j
and the ice and dilute acid added. The water layer was ex-
|
I
tracted with ether several times. The ether layer and the I
combined ether extractions were evaporated hut no product was
|
obtained. The water layer was distilled and no product was
|
obtained.
I
2. The sa® procedure was repeated with 13.22 gms, of
methylene iodide. The acetone (7.57 gms.) was diluted to l4
j
cc, with ether. The water layer was distilled and the small
amount of residue which remained charred when heated, ITo pro-
duct was obtained from the ether layer.
|
3. The Grignard reagent was formed from 9*12 gms. of !
methylene iodide. The acetone (4,99cc) was diluted to 10 cc.
|
with ether. The reaction mixture was decomposed and allowed
j
to remain over-night. The water layer was distilled under re-i
I
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3
duced pressure, A viscous liquid remained. It was allowed to ||
stand and long needle-like crystals were formed. These were
undoubtedly crystals of magnesium iodide. The mixture had
a characteristic odor, which might he called camphor-like. It I
was distilled at I 3 mm, pressure, A liquid was obtained which!
boiled between g0°-100° C, It was redistilled using an appar- '
atus which consisted of two side-arm test tubes: one used as
a flask, the other as a condenser. The container was cooled
by allowing a stream of water fo flow over it. About 1 cc, of
liquid was separated. This was poured into a small test tube
and acetic anhydride (1.5 cc.) was added. The test tube was
heated for a few minutes and then allowed to cool. Cold water I,
!'
was added and a few white crystals were formed. However, when !
1
the solution was filtered, there were not enough of them to 1
obtain a melting point,
j
The glycol 2-4, dimethyl pentanediol 2-4, was undoubtedly !
formed. The liquid obtained was impure, but it had a very
!
strong camphor-like odor,. Apparently the diacetate was formed
by the reaction of the liquid with acetic anhydride.
|

Summary
34
I
I
The yield of methylene dimagnesium diiodide was increased|
hf,. Emschwiller had reported a yield of 22.09?^. The most
j
favorable conditions for obtaining the best yield of methylene!
I
dimagnesium dihalide were a 60 minute period for the addition
jj
of the dihalide and about a 35 minute heating period (low heatj)
I
after all of the dihalide was added. In regard to the amount
jj
of ether similar results were obtained when either a 30
||
"by weight, solution of etdier was used.
jj
ii
No product was isolated from the reaction of methylene
jj
dimagnesium dihalide with ethylene oxide,
jj
It was thought that the glycol 2
,
4
- Dimethyl Pentanediol,
!|
2-4 was formed by the reaction of methylene dimagnesium diiodidejl
with acetone. Due to the small quantity of the derivative formid
by the reaction of the glycol with acetic anhydride, a melting
poDint was not obtained.
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